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OBJECT: To determine the maximum pressure achieved in the helium
dewar due to a sudden, massive loss of insulating vacuum,

during nitrogen precool.

General Assumptions

1. The heat flux removed due to nitrogen or ambient air cooling and/or
oxygen condensing on the nitrogen shield is ignored.

The temperature of the contents, nitrogen, is taken to be =3469F. The
largest gas conduction heat flux 1is obtained wusing the bolling
temperature of ligulid nitrogen at 1 atm abs.
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The dewar, magnet and internal piping is assumed to be full of nitrogen.
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L, The temperature of the exiting nitrogen flow is
5. The heat flux into the nitrogen due to oxygen condensing is ignored.

6. The thermal conductivity at 100°F is used, because thermal conductivity
decreases with decreas temperatures.
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System Paramelers

Total surface max Lmum
of dewar, magnet &=

and internal piping

Description of Failure Modes

b
at

n

The loss of insul g vacuum can occur in two ways: (1) a leak the inner
vessel and/or inter: piping, with the outer vacuum shell remain i et
allowing nitrogen to Infiltrate the nultilayer insulation wup ©o a pressure
determined by the relief device on the vacuum space and (2) a leak in the vacuum
shell, which allows air to infiltrate the multilayer insulation wup to 15 psia.
The former produces a heat flux fto the liquid nitrogen through nitrogen gas
conduction. The latter produces a heat flux to the ligquid nitrogen due £o
ambient air gas conduction.

Calculations

Heat load due to gas conduction from NBS Monogram 111, %"Technology of Liquid
Helium™ pg. 289:



g = UA (100-t)
where

U = thermal conductance = thermal conductivity

insulation thickness

A = surface area of vessel

T

= temperature of the contents

<

= ~346°F

U for ambient air at 100°F

K o= 0.2686 mW ("Cryogenic Engineering™ R.B. Scott)
cm-K

= 0,01552 BTU
Hr

Y = thickness of

e i e a0
U for nitrogen at 1007F

K = 0,0156

¥ = 312 = 0.25 1'%

U = 0.0624  BTU

Hp -t 2-OF
Heat load due to ambient air conduction
q = (173.6)(0.06208)}[100 =~ (~346)]

- Mtégém W

("Engineering Heat Transfer® Karlekar)
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Heat load due to nitrogen gas conduction

¢ = (173.6)(0.0621)[100 - (~346)]

Generalized sizing of relief
The basic equation for sizing relief devices is
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W= 1b/hr, required flow of the gas = g/L
L @ Latent heat (BTU/1b)

C. =  (as constant = 356 for air

G & Gas constant of the gas
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ibility factor = 1.0 for air at STP
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7 = Compre: factor for the

M = Molecular weight of air = 28,97

M a2 Molecular w

ight of the

L = Temperature of alr at STP = 520 R

T = Temperature of the gas at the flow condition.
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Assumptions

1. Pressure of venting nitrogen = 20 psia.

2. The temperature of the flowing, exiting, gas is 520°R.

Sizing criterion for 20 psia venting

L at P = 20 pzsia = 85 Btu/lb
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sizing of relilef for nitrogen gas conduction.

Qy (N, conduction) = (0.,0026)(4,831)
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QA {ambient air conduction) = (0,0026)(4,806)

Helief Valve

The helium dewar has the following three relief devices.
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Lo wike rupture disk; set pressure = 20 psi
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200 series Circle Seal; set pressure
280, flow capacity = 130 SCFM of air if th
with a % psi pressure drop across the valve.
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f Circle Seal check valve

separately, niltrogen

The capacity of the 1™ 200 series
handle the above mentioned fallures
amblent alr conduction.

Check
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Conclusion

Nitrogen precooling of the helium space will not produce high pressures in
the helium dewar unless it 1s done rapidly. The single Circle Seal check valve
set at % psig that vents outside will be sufficient to handle the gas produced
when the liguid nitrogen is vaporized due to a loss of vacuum, elther through
nitrogen gas conduction or ambient air conduction. In the failure mode where the
vacuum shell has a leak, there can be a small amount of heat flux produced when
oxygen condenses against the helium dewar inner vessel; the additional nitrogen
gas that is produced can be handled by the excess capacity of the 1" Circle Seal
check valve. Barron in his book "Cryogenic Systems” pg. 504 shows that the heat
flux Into a bare liguid oxygen line due to convection is bThH Btu/hr-ft° and the
heat flux into a bare liquid hydrogen line due to convection and condensation is
3,500 Btu/hr=rte, Therefore, condensation, ignoring the Increased convection heat
flux due to the lower temperature of the hydrogen, can Iincrease the heat flux
experienced by a cryogenic line and/or vessel by a factor of approximately six.
For the worst case the flow capacity of the relief device must be six times
higher than calculated for Just ambient air conduction. The flow capacity of the
1% Circle Seal check valve is ten and a half times higher than the flow capacily
required for ambient air conduction.



